Abstract: OBJECTIVE: The purpose of this study was to assess the usefulness of MDCT (multidetector computed tomography) angiography as a routine follow-up examination of surgically treated patients with multiple intracranial aneurysms. METHODS: Thirty seven patients with a total of 92 multiple intracranial aneurysms underwent MDCT angiography to evaluate residual aneurysm remnants and de novo aneurysm formation. The mean period between aneurysm surgery and MDCT angiography examination was 8.9 years. The investigations were assessed by an experienced radiologists and neurosurgeons. RESULTS: Eight patients (21.6%) showed abnormal findings on follow-up MDCT angiography: aneurysm remnants (5.4%) and de novo formed aneurysms (18.9%). Three of them were operated: one for reposition of the placed clips and two were treated by direct clipping of de novo formed aneurysm. Two patients were suitable for endovascular treatment. CONCLUSION: MDCT angiography is an useful routine examination for long-term follow-up of surgically treated patients with multiple intracranial aneurysms.
Introduction
 Long-term angiographic follow-up on patients operated for cerebral aneurysms is necessary, because of the risks associated with the presence of residual aneurysm structures and the developing of de novo aneurysms. The risk of hemorrhage in cases of partial aneurysm clipping and aneurysm rests outside the clip according to literature is from 0.5% to 1.9% per year [1] . The frequency of residual aneurysm structures in patients after surgical clipping varies between 3.8% and 8% [2] [3] [4] . On the other hand, routinely used postoperative DSA (digital subtraction angiography) additionally increases the risks and makes the treatment more expensive. Because of this in a large part of neurosurgical departments, the use of intraoperative and postoperative digital subtraction angiography is limited only for the cases with neurological complications after operative procedures [5, 6] . Noninvasive methods, such as CT (computed tomography) angiography and MRI (magnetic resonance imaging) angiography are used recently to follow-up the patients undergoing neurosurgical clipping of aneurysms [7] [8] [9] [10] [11] .
There are publications reporting that MDCT (multidetector computed tomography) angiography can substitute DSA as primary diagnostic tool in the examination of patients with subarachnoid hemorrhage [12, 13] . This is the statement of the systematic studying founded on the meta-analysis and assessment of the quality of the methodology based on Quality Assessment of Diagnostic Accuracy Studies [14] . In the literature database, however, there is little information about whether MDCT angiography could be used for long-term follow-up after surgical treatment of cerebral aneurysms.
Materials and Methods
During a period of nineteen years 510 patients with intracranial aneurysms were operated in two hospitals:
"Queen Yoanna" (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) The follow-up MDCT angiographies were carried out on a multi-slice computed tomography scanner (Siemens Somatom Definition AS). The CT scans were performed according to the established protocol of pre monitoring and monitoring with intravenous administration of a contrast agent (Omnipaque 350 mg/mL). The CT scanner parameters were: 100 KV, 175 mA, 0.6 mm collimation, rotation period-0.5 sec. The information from the images has been processed on computer software (Siemens Syngo workstation), which allowed a 3D (three-dimensional) reconstruction and evaluation of the carotid and the vertebrobasilar vascular systems of the brain at different angles and rotations. The results from the control MDCT angiographies were interpreted by two radiologists (E.G., I. T.) and two neurosurgeons (E.K., V.G.). The follow-up MDCT angiographies and preoperative digital subtraction angiographies of the patients were comparatively evaluated for a residual aneurismal part and de novo aneurysm formation.
Results and Analysis
During the mean follow-up period of 8.9 years (from 0.5 to 19.75 years), 8 of the 37 patients (21.6%), who have been diagnosed with multiple cerebral aneurysms, had pathological findings on the MDCT angiographies. The clinical symptoms, MDCT angiography findings and therapeutic approach in the patients with residual aneurism part outside the clip and de novo formed aneurysms are reviewed in Table 1 . In the group of the 8 patients with pathological findings on the follow-up MDCT angiographies, women predominate over men (5 versus 3). The average age of the patients was 53.4 years (between 44 and 62).
The pathological signs in the eight patients on the follow-up MDCT angiographies were: (1) A residual aneurysm sac out of the clip-one case (Fig. 1) ; (2) A residual aneurysm neck outside the clip and a de novo aneurysm formation-one case (Fig. 2) ; (3) A formation of de novo aneurysm-six cases (Fig. 3) .
Seven patients (18.9%) were diagnosed with de novo formed aneurysms, arising from the following vessels: internal carotid artery in five cases, middle cerebral artery in one case and anterior cerebral artery in one case. In two cases (5.4%) residual aneurysm parts were located at the bifurcation of the middle cerebral artery. There were no clinical symptoms or evidences for re-bleeding from any of the residual aneurysm parts or de novo formed aneurysms. The clinical symptoms were considered to be result of the initial aneurysm rupture. This gave an oppertunity to undertake a preventive treatment (embolization or surgical clipping) in five of the patients, in order to avoid the fatal consequences of a possible new subarachnoid hemorrhage.
In four of the patients, the follow-up MDCT angiography found contrast filling of previously, unruptured aneurysms (8 in number). There was no evidence of aneurysm enlargement among them. Three of the aneurysms have been wrapped, because of their small sizes, which did not allow the application of clip or endovascular embolization. In one case, due to the The rest five unruptured aneurysms were followed up and there was no evidence of bleeding during 15 years of follow (Fig. 4 ).
In the current series of 92 multiple intracranial aneurysms in 37 patients, complete obliteration and isolation were achieved in 82 of the aneurysms (89.1%).
In 
Discussion
DSA, as a method for long-term follow-up of patients operated for cerebral aneurysms is associated with a risk of corresponding, angiographic complications and makes the treatment more expensive. Neurological complications during conventional cerebral angiography in the different scientific reports range from 0.4% to 12.2% [15] [16] [17] [18] . Because of this, DSA can not be used routinely for long-term follow-up, especially in the presence of new, noninvasive methods for angiographic control. Kassel suggests that the postoperative DSA can be done in the following cases [3] : (1) all the patients with a new, unexplained postoperative neurological deficit; (2) all the patients with a difficulties at the time of the surgery.
The present study is the first of its kind in our country. The results indicate that MDCT angiography is a convenient, noninvasive examination method for a routine, long-term follow-up of patients, operated for cerebral aneurysms. The use of narrowly collimated beam over the area of interest reduces the metal artifacts of the clips. This gives the opportunity to visualize the vessels in proximity to the clips, including the presence of possible residual aneurysm structures.
Important advantages of the MDCT angiography are: (1) shorter time comparing to DSA; (2) 3D images allow 360° rotation with more complete images of residual aneurysm structures and the adjacent vessels; (3) the lack of risk of angiographic complications.
Conclusion
The research is one of the first of its kind. The authors estimate 18.9% frequency for de novo aneurysm formation in series of patients with multiple intracranial aneurysms during 8.9 years follow-up period. MDCT angiography can be used as a primary screening investigation in the long-term follow-up of patients, who were operated for multiple intracranial aneurysms. MDCT angiography appears to be a promising postoperative routine investigation after aneurysm clipping.
